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approach exist in varying degrees of completeness, integration with other
components, and public availability.” Furthermore, most of the efis~g
components are based on national data, not state data. The authors argue:
“These various models are not designed for state or local applications,
have diverse and sometimes incompatible data requirements, are not
maintained by any government agency for use by freight transportation
planners outside the developing agency and, and are frequently not
specified with the goal of implementation within a larger system of freight
demand analysis.”

Direct forecasting methods are defined as those which ignore (to varying
degrees) some of the interrelationships that are analyzed in the full struc-
tured model – i.e., interrelationships among long-range economic activity,
production and consumption, distribution among production and con-
sumption nodes, mode choice and shipment size, vehicle trips, and route
assignment. The direct forecasting approaches are generally tailored to
the needs of a particular component of the structured model and fail to ac-
count for all of the variables considered in the structured approach. The
authors state “It is useful to think of direct forecasting techniques as
simplifications to the structured approach described above, where only a
subset of the possible interrelations are examined in detail. -

A major limitation of direct forecasting methods is their inability to ana-
lyze a wide range of problems. Because they do not consider all the com-
plex interrelationships that are part of the structured analysis, the direct
forecasting methods must make simplifying assumptions that limit the
complexity and variety of problems that they can deal with.

The authors conclude: “Direct forecasting approaches have been and will
continue to be the mainstay of state and local freight transportation plan-
ning. While direct forecasting techniques can, in principle, incorporate all
of the independent variables found in the structured forecasting approach,
limits on empirical model building will force the analysts to limit attention
to a subset of possible interactions ....The analyst must recognize the true
structure of freight demand and decide, based upon agency objectives,
planning issues, and resources, which aspects of the structure will be em-
phasized and which will be de-emphasized or ignored altogether.”
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■ B.2 The Structural Approach Freight Planning Pat-
terned After the Urban Planning Process - Trip Genera-
tion, Trip Distribution, Mode Choice, and Route
Assignment

1. Overview of Similarities between Freight and Urban Planning

Guidebook for Comprehensive Freight Planning Four Step Urban
PlanningApproachApplied to Freight Planning

.,
~j’:,
,,.

.,,..
;:..<,:

. ::7,.,..:<.,,.:,,;.,

Frederick Memrnott, Roger Creighton Associates, Application of Freight
Demand Forecasting Techniques, National Cooperative Highway Re-
search Program, Report No. 260,1983.

This NCHRP Report presents a methodology for states to use in conduct-
ing freight studies to be used to meet a wide range of needs including
facility, service, or regulatory problems; state poliaes toward infrastruc-
ture investment, energy use, life cycle costs; and freight components of
statewide master plans.

It appears to be the most recent and comprehensive effort to assist states
with freight demand forecasting. As such, it is very relevant for our cur-
rent study. It would be useful to have more information on how this re-
port has been used by states. The report, itself, includes several
prototypes of how the procedures suggested can be implemented to solve
practical transportation questions. It would be relevant to determine how
many additional applications resulted from the suggested procedures. It
would also to know if the outlined procedures have been updated or
whether such an updating is a desired output of the current NCHRP ef-
fort.

This report provides a user manual of the three steps involved in freight
forecasting. These steps are borrowed from the urban transportation pas-
senger travel forecasting model. They include freight generation and
distribution; mode choice; and traffic/route assignment. Each of these
components is described in detail in a separate chapter of the study. There
is a complete reporting of the state-of-the-art developments in each com-
ponent. Speafic references are provided for each of the individual model
components. There is a description of how to accomplish each component
of the model regardless of the type of data that are available for the state.

,/
The first step in the freight planning process is freight traffic generation
and distribution. This involves estimating current volumes of traffic and
flows of different types of traffic between speafic origins and destinations.
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Accordingly, a base case commodity flow matrix is developed. This is
used as the basis for making projections and future year commodity flow
matrices. A variety of options are available to move from the base year to
the future year matrix. One is to project future traffic flow directly from
the base year matrix. A second is to project commodity production and
consumption on an individual commodity basis and adjust the corruritxlity
flow matrix accordingly. A third is to forecast macro-economic indicators
and adjust the base year commodity flow matrices.

The next step is modal division, i.e., splitting commodity movements
among competing modes. Again, a variety of options are available to ac-
complish a modal division. Modal cost and rate comparisons can be de-
veloped and employed as the basis for splitting the traffic. The
comparisons of modes can also be made from the perspective of shipper
logistics. The author provides some detail regarding the available meth-
ods for costing of the services of different modes.

While claiming to be a user’s manual, the study appears more like a cata-
log of state-of-the-art developments in freight forecasting. It seems clear
that any state wanting to initiate a specific freight study using this report
would still need the services of an outside consultant to link the individual
components in a comprehensive fashion. There are a lot of individual
pieces and good advice about the relevant ones depending on the specific
circumstances, but insufficient guidance on the linkage across components
or the development of an integrated package.

This is not a user-friendly, how-to integrated freight package.

Guidebook for Comprehensive Freight Planning Four Step Urban
Planning Approach Applied to Freight Planning

Frederick W. Memmott and Russell H. Boekenkmeger, “Practical
Methodology for Freight Forecasting,” Trwzsporhztion ReseuYch Record,

No. 889,1982, pp. 1-7.

The authors present a straightforward procedure for freight forecasting.
This is a more condensed format of the methodology and approach out-
lined in NCHRP Report No. 260.

It is driven by a base case commodity flow matrix. Added onto this are
cost and rate data for the individual transportation modes. The heart of
the model lies in a series of basic cost and revenue relations or estimating
equations - one applicable for each commodity-flow/routing possibility.

./

In summary, this provides a fairly simple, yet practical method for freight
forecasting. The authors note that current techniques for modal choice
forecasting remain very elementary and are not yet suited for inclusion in
freight forecasting models.

“.
;..:,,;...
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Application of Four Step Urban Planning Model Approach to Freight
Planning

T. John Kim and Jere J. Hinkle, “Model for Statewide Freight Transpor-
tation Planning” Transportation Research Record, No. 889, 1982, pp. 15-
19.

The authors employ the standard urban transportation modeling process
to the freight area. That process involves essentially four steps: trip gen-
eration (total volumes), trip distribution (origin-destination commodity
flows), modal split, and route assignment.

The authors don’t provide details beyond a general sketch of how the ele-
ments of the urban transportation modeling process can be adapted to the
freight modeling situation.

D. Kurth, et al., A Research Process fm Developing a Statewide Multimodal
Transportation Forecasting Model, prepared by Barton-Aschman Associ-
ates, for the New Mexico State Highway and Transportation Depart-
ment, Santa Fe, August 1991. .. .

This report presents the results of a twoday, April 1991, workshop in-
tended as the first phase of an effort to produce a statewide multimodal
forecasting model. The workshop produced a proposal for an effort that
would focus on producing an intercity passenger model and a goods
movement model. The latter was envisioned as a three-stage model con-
sisting of commodity generation; commodity distribution and mode
choice (combined); and assignment. New Mexico subsequently provided
Barton-Aschman with funds to begin development of this model; how-
ever, this effort has since been placed on hold, and no further reports have
been issued.

2. Trip Generation and Trip Distribution

A. Forecasts Based on Macro-Economic Data

Trip Generationand Trip Distribution Forecastsof O-D Freight Flows
Using Various Macro-Growthand Micro-ProductionModels.

David P. Middendorf, Mark Jelavich, and Raymond H. Ellis,
“Development and Application of Statewide, Multimodal Freight
Forecasting Procedures for Florida: Transportation Research Record, No.
889,1982, pp. 7-14.

#

Beginning with base year freight origin-destination volumes by type of
commodity, information from input-output models, forecasted personal
income, forecasted industry earnings, in combination, are used to give

Cambridge Sysfematics, Inc. B-5
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commodity consumption growth and production growth. These growth
projections are combined with the base year tables to give projected ori-
gin-destination volumes by type of commodity.

The authors also indicate that efforts to develop a modal split model
through a logit formulation were unsuccessful. The difficulties associated

gq
K3

with development of a modern dscrete choice modal split model seems to &

be a common observation across a number of these studies.

Jack Faucett Associates, Inc., Cal~ornia Freight Energy Demand Model, i
California Energy Commission, 1983. , ..

H. Weinblatt, “The California Freight Energy Demand Model,” Trans-
portation Reseurch Record, No. 935,1983, pp. 26-32. ,..,

The California Freight Energy Demand (CALFED) Model uses estimates of ~~
base-year truck stock and rail freight and truck activity in five regions of
California and forecasts of changes in California production and employ- ‘-s
ment by sector to produce forecasts of changes in truck stock and rail
freight and truck activity. Truck activity is estimated by vehicle size class
and trailer/body type for freight and non-freight purposes (combined).
Rail freight activity is estimated for trailer-on-flatcar service and seven
types of carload freight. Diversion of nonlocal freight between truck and
rail is estimated using forecast changes in relative costs and pseudo-
elasticities for ten commodity gxoups using aggregate data from the 1977
Commodity Transportation Survey and from other sources. The disag-
gregateforecasts of truck and rail activity and truck stock are combined . ...
with exogenous forecasts of fuel efficiency and fuel prices by fuel type to
produce forecasts of truck and rail freight energy demand.

Forecasts of O-D Flows Based on Input-Output Models

G. Treyz, B. Stevens, and D. Ehrlich, A State Core Forecasting and Policy ~::~
Simulation Model, NCHRI’ Project 8-15A, Handbook 2, RegiOn~ science ‘“’”
Research Institute, July 1982.

This is the second of two handbooks produced to facilitate use of input-
output models by state transportation planners. In this part of the study,
more attention is placed on using IO as a forecasting and policy simula-
tion model (FPSM). In addition to its potential usefulness in assessing the
economic impacts of transportation investment, these techniques could
also be used to assess the effects of transportation policies such as an ad-
ditional tax on motor fuel. Computer programs were also supplied with
the handbook. In this regard, the results could fit with a comprehensive ~
structural approach to forecasting impacts of policy changes. However, it
appears that these input-output models have been little used for actual
state planning activities.

.:,:
,...,...
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Jack Faucett Associates, The Department of Transportation Long-Range
Forecast Model, U.S. Department of Transportation, Office of the Secre-

~, JanuarY 1980.

The Department of Transportation Long-Range Forecast Model consists of
an input-output model (the INFORUM model of the University of Mary-
land) and a transportation submodel, with detail for 31 commercial and
private transportation modes. The submodel calculates output levels for
the transportation modes consistent with the economic projects and indus-
trial detail from the main model.

The transportation submodel distinguishes six major modes for transport-
ing domestic intercity freight (rail, commeraal and private trucking, in-
land and coastal water, and petroleum pipelines). A modal split model
incorporating own and cross-price elastiaties is used to estimate modal
diversion among the first four of these modes (rail, inland water, and the
two truck modes) resulling from changes in modal costs. Other modes
distinguished include air freight, international water freight, commercial
and private local trucking (separately), non-freight trucking, government
truckina and transportation services and warehousing. Total freight traf-
fic is estimated separately for 48 commodity groups using INFORUM
forecasts, with additional analyses performed for grain, coal, crude oil,
and petroleum products.

Passenger transportation forecasts are exogenous and are specified as in-
puts to the transportation submodel. The transportation submodel also
calculates input requirements for each transportation mode, including
detailed inputs of fuels.

Forecasts of O-D Flows Based on Reebie and Rail Waybill Data

V. Eusebio and S. Rindom, Interstate Movements of Manufactured Goods
in Kansas, Kansas Department of Transportation, May 1991.

This study was done for the purpose of determinin g the flow of manufac-
tured goods between Kansas and various origins/destinations, and also to
determine the flows of goods moving by rail and truck. The Reebie Asso-
ciates Transearch database was used for truck data, while the ICC Waybill
tape was used to obtain rail data. The bulk of the report is a series of 57
tables noting various commodity flows. This type of state study points to
the value of providing better access to the states for rail and truck flows
data.

Cambridge Systematic, Inc. B-7
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B. Flows Based on Linear Programming Models

Trip Generation and Trip Distribution Forecasts Based on Linear Pro-
gramming Models

Mary MarChant, “Analysis of the Effects of Rising Transportation Costs
on California’s Fresh Fruit and Vegetable Markets,” Jourmd of the
Transportation Research Forum, Vol. XXXII, No. 1,1991, pp. 17-32.

This article looks at a linear progr arnming model to allocate freight (i.e.,
competitive agricultural crops) among several producing regions and
various markets in order to minimize total costs (the sum of production
and transportation costs) subject to various production and consumption
constraints. In particular, the model analyzes the impact of rising trans-
portation costs (from increased fuel prices) on California’s produce market
share. The analysis suggests the complexity of analyzing impacts of fac-
tors such as changing fuel costs on freight traffic flows.

The implication of this type of study is that freight allocation models could
go beyond taking a base set of freight flows adjusting for prospective
changes in the economy and changes in modal split to Utilizihg-an input-
output framework and incorporating changes in shipping patterns as this
study has done for produce.

Trip Generation/Trip Distribution Linear Programming and Network
Approach

Michael Florian and Teodor
Freight Transportation in Brazil:
of Montreal, July 1989.

Crainic, editors, Strategic Planning of
Methodology and Applications, University

This study lays out a comprehensive network modeling approach toward
strategic planning for freight transport services. Network model methods
are used to simulate flows, service levels, and costs for alternative modes.
The models used are multi-product, multi-commodity network flow
problems. The transportation system is specified in terms of links and
nodes with given capacities among them. Added to this are data on serv-
ice and cost characteristics of each mode as well as origin to destination
demands for products.

The output of the model are flows on a particular mode between a particu-
lar origin and destination on the network. The study provides detailed
analytical procedures and applications in the Brazilian context. This type
of methodology is quite complex and may be extremely difficult to tram- “
port to other regions/nations. It was designed specifically to use available
data from Brazil.

.. .
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Trip Generation/Trip Distribution: Linear Programming and Network
Approach

Jacques Guelat, Michael Florian and Teodor Crainic, “A Multimode
Muhiproduct Network Assignment Model for Strategic Planning of
Freight Flows: Transportation Science, Vol. 24, No. 1, February 1990,
pp. 25-39.

This provides a journal-length description of the full study discussed
above. The authors point out that previous uses of network models have
been confined mainly to urban transportation studies for prediction of
passenger transportation flows within an urban area. Less attention has
been given to the freight flow problem as a result of the inherent com-
plexities of freight transportation.

Spatial price equilibrium models have been previously used for predicting
inter-regional freight flows. This study uses network models. One aspect
of this network model which differs from previous work is that individual
shippers and carriers are not identified expliatly. This type of approach is
more appropriate for strategic planning at a national level. .. ..

This article provides a good review of network models and their use in
freight planning applications. From a network modeling standpoint, there
are a number of technical innovations associated with the Brazilian proj-
ect.

Trip Generation/Trip Distribution Combination of Approaches-
Manufacturing Data, Network Modeling

W. Black and J. Palmer, Transport Flows in the State of Indtina: Commod-
ity Database Development and Trafic Assignment Phase 1, Transportation
Research Center, Indiana University, February 1993.

This study is one of the most sophisticated modeling exercises done by or
for state transportation departments. The purpose is to produce an exten-
sive analysis of key rail and highway flows in the state of Indiana. Net-
work models are used, drawing from the FHWA highway network model
and the Census TIGER files. Data was drawn from the ICC Waybill tapes,
energy data bases, grain flow data and the now somewhat dated 1987
Census of Manufacturing tapes. One use of the study is to designate key
highway corridors for upgrading and maintenance. Indiana is continuing
with follow-up studies for more accurate determination of traffic flows.
This study suggests that national freight data, made more readily avail-
able to the states, would be of use in such studies. In particular, truck flow “
data is very critical for planning purposes and difficult to obtain. It also
points to the potential usefulness of updated and more readily available
rail and highway network models. It should be noted that this study did
not involve forecasts of future flows, but only determination of current
flows.

Cambridge Systematic, inc. B-9
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C. Vatious Forecasting Methods

Trip Generation and Trip Distribution A Survey of Methods Used to
Predict Future Trends

David V. Grier and L. Leigh Skaggs, A Review of 16 Planning and Fore-
cast Methodologies Used in U.S. Army Corps of Engineers Inland Navigation
Studies, U.S. Army Corps of Engineers, Water Resources Support Cen-
ter, Institute for Water Resources, Fort Belvoir, Virginia, June 1992.

The projection methodologies of the 16 studies reviewed as part of this ef-
fort fall into four broad groups (1) the application of independently de-
rived commodity-specific annual growth rates to base year traffic levels;
(2) shipper surveys of existing and potential waterway users to determine
future plans to ship by barge; (3) statistical analysis using regression and
correlation to predict future waterborne traffic based on independent eco-
nomic variables; and (4) a detailed long-range commodity supplydemand
and modal split analysis incorporating the production and consumption
patterns of individual economic regions within the waterway hinterland.

The basic focus of these studies is the prediction of traffic on W; or a por-
tion, of the inland waterway system. As such the studies lack the compre-
hensiveness of the integrated structured approach outlined in the
Statewide Demand Forecasting study.

The authors ask the question “What is the best kind of method” for fore-
casting inland waterway traffic. The authors set some assessment criteria:
the most practical methodology appears to be one that uses a consistent
set of macroeconomic assumptions in generating international, national,
and regional level projections. Methodology should be easily updatable
based on latest historic and forecast data, be relatively low-cost for the
project manager to implement, and be PC-based.

The authors find that “the methodology incorporating commodity-specific
gTowth rates applied to one or more base year traffic levels appears to best
meet the established criteria.” In contrast, methods which rely on shipper
surveys tend to build in an optimistic bias and do not sufficiently address
long-term forecast issues. Statistically based regression and correlation
methods inherently assume a continuation of past trends. Finally, a long-
term evaluation of regional market demands, resource bases, production
levels and transportation modes, while detailed, extensive and methodol-
ogically defensible – is unfortunately the type of massive forecasting effort
that is not easily updated and may be impractical for smaller planning
staffs. ./

Unfortunately, these commodity-specific top-down growth rate projec-
tions are often too general to be disaggregated to the local level without a
serious loss of reliability. However, the authors believe that this forecast
method can be used to provide a consistent national framework that can

?!.
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be refined in a project level analysis by planners equipped with knowl-
edge of local industry, markets and transportation patterns.

Sources of Truck Data for Determining Trip Generation/Trip Distribu-
tion

P. Hu, T. Wright, S. Miaou, D. Beal, and S. Davis, Estimating CmnmeYcial
Truck VMT of Interstate Motor Carriers: Data Evaluation, Oak Ridge Na-
tional Laboratory Report, November 1989.

Data availability is a key issue for freight forecasters, and this report pro-
vides information about a number of data sources for comrneraal trucks

1.

2.

3.

4.

5.

6.

Truck Inventory and Use Survey from the Bureau of the Census

Nationwide Truck Activity and Commodity Survey from the Bureau
of the Census

National Truck Trip Information survey from the University of Michi-
gan Transportation Research Institute

. .

Highway Performance Monitoring System form the FHWA

State fuel tax reports from each individual state and the International
Fuel Tax Agreement

International Registration Plan of the American Association of Motor
Vehicle Adminishators.

‘his report evaluates each of these data sources in subsequent chapters,
with particular attention to the ability of each source to estimate vehicle
miles of travel by carrier type and by state. This type of data is useful for
determining accident rates, highway investment needs, and economic imp-
acts of FHWA policies. The report would also be useful for anyone
seeking further details on truck data sources.

,..,.;,:,......~..-
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3. Mode-Split/Mode Choice

A. Aggregate Approach Mode-SplitlMode
Approach

Choice Model: Aggregate “‘

R.-
Michael W. Babcock and H. Wade German, “Changing Determinants
of Truck-Rail Market Shares, l.u~”sticsand Transportation Review, Vol 25,
No. 3 (1989), pp. 251-270.

This analysis provides an equation to estimate rail market share as a func-
tion of rail/truck rate and service comparisons, macro-economic interest
rates, and a time trend variable. The equation is estimated separately for a
pre- and post-1980 time period.

There is an equation to estimate rail market share in each two-digit STCC
classification aggregate annually for the entire United States. While data
are available on rail tonnage by commodity, truck tonnage, and, therefore,
gains or losses in traffic, is imputed by comparing rail tonnage with total
industrial production.

The authors rely on time dummy variables to estimate the effects of such
factors as a shift to just-in-time production, changing oil prices, and
changes in size and weight regulations on market share changes between
rail and truck. The single time dummy variables does not allow the re-
searcher to untangle or to measure explicitly the impact of each of these
factors individually in the model.

This technique provides a rough, aggregate measure of changes in market
share between rail and truck. It deals only with some broad, overall
measures and provides little insight into the incremental contribution of
specific factors. Furthermore, the broad product categories employed
make mask many differences that exist in each of the disaggregated prod-
uct categories.

Freight Demand/Mode Split Estimation Based on Aggregate Commod-
ity Data

Ann F. Friedlaender and Richard H. Spady, “A Derived Demand
Function for Freight Transportation,” Review of Economic and Statistics,
Vol. 16 (1980), pp. 432-441.

This article develops improved estimations of freight demand. One irn- ~
provement is explicitly treating transportation as an input in the produc-
tion process and using Sheppard’s Lemma, deriving transportation
demand functions from initial cost equations. The empirical work also
takes into account the interdependence of rates and service characteristics.
Freight demand equations are estimated using a cross-section of 96 three-
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digit Standard Transportation Commodity Code industries. This meth-
odology can be used to derive estimates of modal spilt and effects of pol-
icy changes on the demand for rail and truck services.

Aggregate Mode Shift Model= Explanation of Traffic Shifts Among
Modes Due to Productivity Changes

Martha B. Lawrence and Richard G. Sharp, “Freight Transportation
Productivity in the 1980s: A Retrospective: Journal of the Transporta-
tion Research Forum, Vol. XX)(II, No. 1,1991, pp. 158-171.

Authors assess general issues relating to productivity growth in the trans-
portation sector during the 1980s. Authors advocate use of the total factor
productivity (TFP) techniques in order to improve comprehensiveness and
eliminate biases from single factor productivity measures. Authors gen-
erally criticize a number of productivity studies because of an undue reli-
ance on finanaal indicators as a substitute for physical productivity
measures and inadequate controls for changes in output mix.

Perhaps the most relevant section for our purposes is one on ‘productivity
and traffic shifts between modes. The authors ate data on the continued
loss of market share to motor carriers in the 1980s and its effects on overall
productivity changes.

The authors also highlight the importance of service advantages of trucks
arguing that trucks provide a fundamentally different type of service from
rail. Trucks offer service ubiquity, freedom from sunk cost facility com-
mitments, and adaptability to smaller units of shipment. Accordingly,
mode choice studies must go beyond the traditional service characteristics
of transit time and variation and rates in modeling shipper choice.

Aggregate and Disaggregate Freight Demand Models: Survey of Previ-
ous Efforts and Prospect of Combining Approaches

Clifford Winston, “The Demand for Freight Transportation: Models
and Applications,” Transportation Research, Vol. 17A, No. 6, (1983)
pp. 419-427.

This review article classifies freight demand models as being aggregate
(where the unit of observation is the aggregate share of a particular mode
in a broad product and geographic market) or disaggregate (where the
unit of observation is an individual shipper or shipment). While Winston
argues that disaggregate models are more attractive from a theoretical “
viewpoint since they can be derived from cost -minimizing behavior by
firms, he also notes that some of the more recent aggregate models have
also been derived from firm cost-minimizing behavior and, therefore,
have a stronger theoretical basis.

Cambridge Systematic, Inc. B-13
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The Oum and Freidlaender and Spady models, estimated from aggregate
data, might be more useful in the analysis of freight flows for policy
analysis or practical prediction in the context of large, scale regional or
national studies.

Two types of disaggregate freight demand models have been developed:
behavioral and inventory. The behavioral models take the perspective of
the physical distribution manager in making mode choice decisions to
maximize utility with respect to expense and service. Typically, a random
utility model is used with discrete choice estimation tools. Inventory-
based models analyze freight demand from the perspective of an inven-
tory manager in an attempt to integrate the mode choice and production
decisions.

The article discusses a number of applications of freight demand models,
including intermodal competition, regulatory analysis, and forecasting of
freight flows. Most relevant for this project is the latter application. Pre-
vious attempts to forecast freight flows have used techniques such as in-
put-output and regional flow models, but have not combined these
techniques with a realistic freight demand model. It is Winston’s opinion
that the combination of a forecasting system with a realistic &eight de-
mand model imbedded into it could contribute significantly to the accu-
racy of freight flow forecasts.

Thornas L. Zlatoper and Ziona Austrian, “Freight Transportation De-
mand: A Survey of Recent Econometric Studies,” Transportation,
Vol. 16 (1989), pp. 27-46.

his paper surveys econometric studies of freight transportation demand
published between the mid-1970s and the rnid-1980s. It describes the
variables, data sources, and estimation procedures utilized by the studies.
In addition, its ummarizes their statistical results. The studies included in
this survey typically accounted for freight rates and service characteristics
(e.g., transit time and reliability). Data sources often varied across the
studies.

Based on the data they utilized, the surveyed studies are classified as ei-
ther aggregate or disaggregate. The data in the aggregate studies consist
of information on total flows by modes at the regional or national level,
while the data in the disaggregate studies pertain to individual shipments.
The earlier aggxegate studies estimated linear logit models. It has been
pointed out that when they are estimated on aggregate data, these models
are subject to certain shortcomings. To avoid these shortcomings, more
recent aggregate studies have estimated flexible forms such as translog
functions. The disaggregate studies surveyed in this paper used either Y
logit or probit models.

Statistical results often varied with the commodities analyzed, making it
somewhat difficult to generalize the findings of the different studies. One
finding common to several studies reviewed is that freight rates have a
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significant impact on shipment decisions. Certain theoretical and empiri-
cal limitations of the surveyed studies are discussed; and suggestions for
future research in freight transport demand are offered.

B. Discrete Choice Models: Individual Shipper Selection Models

Mode-Split/Mode Choice Models: Discrete Individual Shipper Choice

F. R. Wilson, B. G. Bisson, and K. B. Kobia, “Factors That Determine
Mode Choice in the Transportation of General Freight,” Transportation
Research Record 1061,1986, pp. 25-31.

This study relies on data collected from a survey of manufacturers regard-
ing their modal selection and shipment characteristics. It uses the survey
data in a linear logit model to determine the variables that influence the
selection of the various modes and the relationship between each mode
and the explanatory variables. Shippers are asked to state their preferred
shipping mode for their main product over their primary origin-
destination Jink.

The modal choice explanatory variables are divided into the “following
categories: characteristics of the transportation system; characteristics of
the shipment; characteristics of the carriers; and characteristics of the
shipper. The model has quite a comprehensive set of considerations as
explanatory models.

The model has most relevance for predicting how an individual shipper
might select a particular model based on shipment characteristics as well
as firm characteristics (such as firm size, volume of business). The model
would not be appropriate if the researcher were attempting to look at
overall shipment levels and model uses. However, the model does sug-
gest that a number of quite detailed individual firm characteristics do in-
fluence the selection of mode.

Mode-Split/Mode Choice Model: Discrete Individual Shipper Choice

A.S. Narasimha Murthy and B. Ashtakala, “Modal Split Analysis Us-
ing Logit Models,” Journal of Transportation Engineering, Vol. 113, No. 5,
September 1987.

.......... ..,:,:,.,.,...7,.

Extensive survey of over 7,000shippers in Alberta, Canada used to de-
velop a cross-classification table looking at modal split as a function of the
following variables: shipment size; full load vs. less-than-full load; private .Z
or, for-hire transportation; control over mode choice; and type of com-
modity.

This cross-classification table provides the input for a multi-way contin-
gency analysis (Iogit analysis) specifying the relationship between each of
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the variables, by itself and interacting with the other variables, and mode
split.

The coeffiaents developed in the model can be employed to predict modal
shares under a variety of scenarios regarding each of the analysis vari-
ables. However, it should be noted that the model gives no consideration
to modal rate or service comparisons. Thus, the model could not be used
to analyze how modal shares would change based on relative rate and
service changes in the various modes. This would be a serious drawback
for many of the uses of the model contemplated by policy makers.

Saleh Ali and Yorgos J. Stephanedes, “Policy-Sensitive Disaggregate
Techniques for Estimating Freight Highway and Rail Use,” Journal of

the Transportation Research FoYum, Vol. XXV, No. 1,1984, pp. 155-164.

The authors develop a mode split model based on data from Midwest
grain elevators. One of the main variables included in the model was rate
information. Truck rates were considered as a function of distance, while
rail rates were considered as a function of shipment size and distance. The
authors also included transit times for rail and truck and service time
availability (i.e., the time between the equipment is ordered by the shipper
and the time it is received at the grain elevator). Further, the authors in-
clude a measure of transit time variability in their model.

..
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Results indicate that the freight rate and service availability time were the
most significant determinants of modal decisions.

Vivien P. Jeffs and Peter J. Hills, “Determinants of Modal Choice in
Freight Transport A Case Study,” Transportation, Vol. 17,1990, pp. 29-
47.

Authors surveyed a number of organizations with regard to the following
variables which influence the modal choice at the firm level: customer-
requirements; product characteristics; company structure/organization;
government interventions; available transport facilities; and perceptions of
the decision maker in the firm. The authors argue that it is the interactions
and inter-relationships among these variables that influence the modal
split. Thus, the relevant focus of modal split analysis should be on the
firm and its characteristics.

The authors support their viewpoint with a survey of firms in England in
the paper, printing, and publishing sector. They rely on factor analysis to
show that many of the individual iterns discussed above interact to influ-
ence mode choice.

,/

The main contribution of the paper is the viewpoint that modal choice is
influenced by a Iarge variety of characteristics of the firm, including ones
that are individual firm-specific. For example, the urgency of delivery as
well as the timing of delive~ are factors that could be relevant in develop-

...
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ing some inferences on the just-in-time trends that are becoming so import-
ant in our economy.

While showing that many of these firm-specific factors are important, this
paper provides no expliat framework for entering these considerations
into a modal choice model.

However, this methodology (i.e., survey shippers about their modal
choices and influencing factors) could be employed to analyze the impact
of future policy decisions and freight trends. For example, the impact of
restricting truck access during peak hours could be analyzed through such
an approach.

J. Pike, Major Factors In@encing Modid Choice in the UK Freight Market,
Transport Operations Research Group, University of Newcastle upon
Tyne, Department of civil Engineering, December 1982, National
Technical Information System.

The basic source of information for this study was information from ten
companies who provided detailed data regarding their modal choice de-
asion processes. In their study, the authors have uncovered”a ‘variety of
modal rate and service characteristics that affected shipper choice. The
authors conclude that the wide range of non-rate factors influencing mo-
dal choice decisions suggests that modal split models must be conducted
at a disaggregate level.

The authors don’t develop their own model, but discuss the importance of
modal service characteristics in the decision process of the individual firm.

Mode Choice/Mode Split Considerations: Need to Include Shipment
Size and Inventories in Discrete Shipper Selection Models

Y.S. Chiang, Paul O. Roberts, Jr. and M. Ben-Akiva, “Short-Run
Freight-Demand Model: Joint Choice of Mode and Shipment Size,”
Transportation Research Record, No. 838,1981, pp. 9-12.

This paper estimates a freight demand model that involves the choice of
mode as well as the choice of shipment size. A disaggregated approach is
used. The basic data employed in the model comes from the 1972 Com-
modity Transportation Survey. One innovation of the model is to include
from an inventory theory elements of logistics costs, including capital car-
rying costs in storage and in transit, order costs, loss of value during
transit and storage, and direct transportation charges. One result of the
model is that shippers put a very high value on improved travel times. ./
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Mode Choice Models: Discrete Individual Choice with Elimination of “
Choices Based on Attributes

W. Young, A.J. Richardson, K.W. Ogden, and A.L. Rattray, “Road and
Rail Freight Mode Choice: Application of an Elimination-by-Aspects
Model: ‘1’ransportationResearc/z Record, No. 838,1981, pp. 38-44.

7
kp

These authors challenge the notion of most mode choice models that each
individual considers all alternatives, and each attribute that describes
those alternatives, before making a choice. Rather, the authors argue, ~~
shippers may attempt to simplify the choice process by eliminating many
alternatives and/or attributes from active consideration. Models that al- - ~
low for the elimination of attributes, such as the Elimination-by-Aspects
approach, are viewed as preferable.

One feature of the model is that it assumes that individuals search modal i~
attributes in a sequential fashion, proceeding from those attributes consid-
ered most important through to those that are considered least important.
As each attribute is considered, each alternative is compared to that at- i”~
tribute. If the alternative fails this test, (i.e., less that “ “muumally accept-
able), it is no longer considered. This process continues uiitir only one
alternative is left.

The Elimination-by-Aspects model considers nine modal attributes:
transit time, reliability, equipment availability, frequency of service,
freight rates, loss and damage, convenience of service times, and commun-
ication with the carrier. The model is calibrated for different shipper
classes. Depending on the type of shipper, different sets of attributes are
shown to have a significant impact on mode choice.

The model’s most significant contribution is to show that different factors
influence the mode choice of shippers of manufactured and non-
manufactured goods. Models assuming that all attributes affect the choice
of all shippers are inconsistent with this finding.

.. ..>..::>-...,..;~-..,.

4. Network Assignment

Network Assignment Models for Freight Planning

Michael C. Bronzini, Freight Transportation Energy Use, prepared by
CACI, Inc. - Federal for U.S. Department of Transportation, Transpor-
tation Systems Center, four volumes, July 1979.

,/
This is one of a series of multimodal network models developed by CACI
in the late 1970s. The models consist of node and link representations of
rail, highway, waterway, and pipeline systems plus a set of intermodal
links. Time and cost functions are associated with each node and each
link. Mode and route choice for individual shipments or commodity

..
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flows are determin~ to minimize a commodity-specific function of time
and cost.’ The commodity-specific values of time used in this function
were adjusted to calibrate the model to base-year (1972) data. A compari-
son of the resulting values of time used to initial estimates based on com-
modity values indicates that significant difficulties were encountered in
this calibration process.

Robert C. Bushnell, and Edward S. Pearsall, “Applications of a Freight
Network Model to the Analysis of Competitive Situations,” Proceed-
ings, Transportation Research Forurn, Vol. 22,1981, pp. 379-393.

The Integrated Transportation Network Model contains representations of
the highway, rail, and waterway networks, as well as costs and time de-
lays resulting from mode transfers, operations through railroad yards, and
transfers between rail carriers. This model was developed in the late 1970s
under contracts with the U.S. Departments of Transportation and Energy
and the State of Michigan. However, it was never developed as fully as
the CACI model described above. An updated version of the rail compo-
nent of this model with 1989 routings of doublestack trains and the loca-
tion of container loading facilities was used as the first stage of a two-stage
model of container import and export traffic recently developed by Jack
Faucett Associates (The U.S. Exportllmport Containerized Freight Model,
1990).

Teodor Crainic, “Operations Research Models of Jnteraty Freight
Transportation The Current State and Future Research Issues,” Logis-
tics and Transportation Review, Vol 23, No. 2 (1987), pp. 189-206.

The author argues that it is now possible to build comprehensive interac-
tive graphic-planning systems that run on micro-computers and thus put
impressively powerful computational and planning means within easy fi-
nancial reach of practically every size of organization (carrier, shipper, etc)
involved in the transportation system.

The author provides a classification of how network models can be used
according to three alternative planning horizons: strategic or long-term
planning, which may include decisions such as facility location and physi-
cal network design and upgradirqy tactical or medium-range planning,
which would involve service and routing decisions; and operational or
short-term planning, including scheduling and routing of vehicles.

The main focus of this article is on tactical level issues. However, the de-
cisions faced by state transportation departments would most often in-
clude the strategic planning variety. ./
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Network Assignment Models for Freight Planning Rail Models

Teodor Crainic, Michael Florian, and Jose-Eugenio Leal, “A Model for
the Strategic Planning of National Freight Transportation by Rail,”
Transportation Science, Vol. 24, No. 1, February 1990, pp. 1-24.

.
This article describes in more detail the rail portion of the multimodal,
muhiproduct network model done for Brazil. It provides a review of net-
work models for rail transportation, updating earlier reviews by Assad
(1980), Crainic (1987), and Freisz (1983).

It provides an illustration of how the model can be used to assess the im-
pact of a new rail construction project on current and projected freight
flows in a Brazilian rail corridor.

Jerome M. Lutin and Alain L. Komhauser, “Development of a Differ-
ential Route Share Model for Railroad Freight Traffic,” 1980.

This article describes the railroad network model developed by Kom-
hauser and used over a number of years through ALK & Associates. The
model provides a comprehensive replication of the US railroad- network.
Traffic data were obtained from the ICC’s waybill sample. Regression
models were used to predict how traffic would flow across alternative rail
routings. The main variables which predict traffic flow are: impedance,
which includes track condition, total distance, and originating carrier
length of haul; total route length; and junction frequency. This model has
been used in a number of policy applications, including traffic diversion
effects from railroad mergers.

Network Assignment Models: Review and Ability to Incorporate Be-
havioral Intentions of Individual Shippers

Terry L. Friesz, Roger Tobin, and Patrick Harker, “Predictive InterCity
Freight Network Models: The State of the Art,” Transportation Reseurch,
Series A, Vol. 17A, pp. 409-417 (1983).

This is a review article of network models. Table 1 reviews six major net-
work models (Harvard-Brookings, CACI, Peterson, Lansdowne, Prince-
ton, Penn/ANL) on sixteen criteria (multiple modes; multiple
commodities; sequential loading of commodities; simultaneous loading of
commodities; congestion; elastic transportation demand; explicit shippers;
explicit carriers; sequential shipper and carrier submodels; simultaneous
shipper and carrier submodels; sequential macroeconomic and network ,,
models; simultaneous macroeconomic and network models; nonmono-
tonic functions; explicit backhauling; blocking strategy; and fleet con-
straints). The article includes a section on recent advances and
suggestions for future research, including more attention to behavior in-
tentions for shippers and carriers.
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■ B.3 The Direct Approach Micro and Facility Related
Planning

Use of Input-OutputModels to Assess EconomicImpact of Investments

B. Stevens, Basic Regional Input-Output for Transportatwn Impact Analy-
sis, NCHRP Project 8-15A, Regional Science Research Institute,
JU@ 1982.

This ambitious project is an effort to provide state highway and transpor-
tation planners with hands-on input-output analysis tools. Input-output
(IO) models can be used in a number of planning activities. In a structural
approach to freight forecasting, such models can be used to determine
flows of goods from various origins to destinations. The emphasis in this
report is on the use of IO models for analyzing economic impacts of state
highway investment and other similar investment. Such investment gen-
erates employment from construction activity, and can also result in more
travel, new businesses locating in the area and the like. Estimating the
cumulative economic impact, including these multiplier effects, is the
subject of this report. Although not specifically in the purview of freight
demand forecastin~ this was an area cited by transportation planners in
Iowa as an important tool in analyzing proposed transportation invest-
ment, to be used in conjunction with forecasting tools in determining
where investment dollars might best be spent.

Use of Simple Time-Series Forecasts to Predict Trends in Freight Flows
of Particular Industry Sectors

V. Eusebio and S. Rindom, Grain Transportation Service Demand Projec-
tions for Kansas: 1995 and l?eyond, Kansas Department of Transporta-
tion, July 1990.

This study provides an example of state use of direct forecasting tech-
niques. The first stage of the study projects grain production and livestock
and poultry populations for the state. Then time series methods, specifi-
cally exponential smoothing and an autoregressive component from the
SAS statistical package, are used to produce forecasts. Finally, with pro-
duction data forecast, transportation is assumed at 959’o of production.
This study suggests that simple, time series forecasting techniques, now
available through standard statistical packages, can be well utilized by
state planners without the aid of outside consultants. Also, it points to the
state-specific type of data sometimes used in forecasting studies, suggest- ~
ing limitations to our ability to provide all-encompassing forecasting data.
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